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Introduction
Esophageal cancer (EC) is a malignant tumor, which has become the sixth leading cause of death and the eighth most frequently diagnosed cancer [1] . Esophageal cancer contains two histological types, esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EAC) [2] . In China, a high incidence of ESCC exceeds 100 cases per 100,000 people per year. In contrast, esophageal adenocarcinoma (EAC) is the incidence of AC has increased steeply in Western countries [3] . Despite the rapid advancement in chemotherapy, radiation therapy and esophageal resection for EC, a 5-year overall survival rate has remained at about 14 % due to the tumor metastasis [4] . Thus, elucidating the potential mechanism of tumor development would provide a new insight to understand the progression of EC.
A considerable number of studies have found that a large amount of aberrant expression level of genes participant in the development of EC. The interaction between these genes mostly exists in the transcription level and post-transcription level. microRNAs (miRNAs) were identified as an abundant class of small non-coding RNAs that played an important role in post-transcriptional regulation in different biological processes [5] [6] [7] . Here, functions of miR-140 related to cancers have been shown in recent studies. For example, miR-140 suppresses tumor growth and metastasis of non-small cell lung cancer by targeting insulinlike growth factor 1 receptor in NSCLC [8] . miR-140 is involved in the chemoresistance by reduced cell proliferation through G(1) and G(2) phase arrest mediated in part through the suppression of HDAC4 in human osteosarcoma and colon cancer cells [9] .
Slug (Snail2) is one of transcription factors that play a central role in the activation of EMT [10] . Epithelial-to-mesenchymal transition (EMT) plays a pivotal role in invasion of various cancers by the transformation of polarized and adherent epithelial cells into motile and invasive mesenchymal cells [11, 12] . This process of EMT is related to the downregulation of the epithelial marker E-cadherin and the upregulation of mesenchymal marker vimentin [13] . In addition, miRNAs function as crucial modulators for EMT. The miR-200 family and miR-205 have been identified as EMT-suppressive miRNAs directly targeting ZEB1, SIP1, or NCAM1, thereby reducing the aggressiveness of cancer cells [14, 15] In our study, we detected the expression of miR-140 in esophageal cancer and found that miR-140 was related to tumor metastasis and stage of esophageal cancer. Furthermore, we identified that miR-140 could regulate the invasion of EC cells by targeting Slug. Moreover, downregulation of miR-140 could induce EMT.
Material and Methods

Clinical Samples
A total of 89 patients with esophageal cancer had undergone routine surgery at Yixing Hospital of Jiangsu University from May 2008 and November 2012. Esophageal cancer samples and the corresponding adjacent esophageal tissues taken from the 89 patients were collected, immediately snap frozen in liquid nitrogen, and stored at −80 °C until RNA extraction. The tumors were classified according to World Health Organization classification. This study was approved by the Ethical Committee of Yixing Hospital of Jiangsu University, and every patient had written informed consent.
Cell culture
Eca-109 and TE-1 cell lines (ATCC) was employed for the present study and was cultured in RPMI-1640 medium with 10% fetal bovine serum (Invitrogen, Carlsbad, CA) and penicillin (100 U/ml). Cells were cultured at 37˚C with 5% CO 2 .
Isolation of total RNA and Quantitative RT-PCR
Total RNA was extracted from EC tissues using TRIzol (Invitrogen, USA) and both miRNA and mRNA were reversely transcribed to cDNA. The expression levels of miRNAs were assessed by the TaqMan stem- 
Cell-Proliferation Assay (Cell-Counting Kit-8)
Cells were seeded into 96-well plates (6.0 × 10 3 cells per well). Cell viability was assessed by cellcounting kit-8 assay (Beyotime Institute of Biotechnology, Shanghai, China). The absorbance of each well was read on a spectrophotometer (Thermo) at 450 nm. Three independent experiments were performed in quintuplicate.
Transwell assay
Cell motility was measured using an 8-μm-pore polycarbonate membrane Boyden chamber insert in a Transwell apparatus (Millipore, MA, USA). The transfected cells were treated with trypsin/EDTA solution, washed once with serum-containing RPMI-1640 medium. A total of 1×10 5 cells in 0.2 ml serum-free RPMI-1640 medium were seeded on a Transwell apparatus. RPMI-1640 containing 10% FBS (600 μl) was added to the lower chamber. An invasion assay was conducted following the same procedure, with the exception that the filters of the transwell chambers were coated with 45 μg Matrigel (BD Biosciences; San Jose, CA, USA). Following incubation of the cells for 24 h at 37°C in a 5% CO 2 incubator, cells on the top surface of the insert were removed by wiping with a cotton swab. Cells that invaded to the bottom surface of the insert were fixed in the 100% precooling methanol for 10 min, stained in 0.5% crystal violet for 30 min, then rinsed in PBS and subjected to microscopic inspection. The values for invasion were obtained by counting three fields per membrane and represented the average of three independent experiments.
Western blot
For western-blotting, total proteins were extracted from tissues or cultured cells using RIPA buffer containing PMSF (Roche, Basel, Switzerland). Total proteins were prepared from the established cells, quantities using a protein assay (BCA method, Beyotime, China). Proteins were fractionated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) transferred to polyvinylidene fluoride (PVDF) membrane, blocked in 5% dry milk at room temperature for 1 hour and immunostained with antibodies at 4°C overnight using anti-Slug, anti-E-cadherin, anti-N-cadherin, anti-Vimentin (1:500, santa, USA) and anti-GAPDH (1:5000, kangcheng, China). All results were visualized through a chemiluminescent detection system (Pierce ECL Substrate Western blot detection system, Thermo, Pittsburgh, PA) and then exposed in Molecular Imager ChemiDoc XRS System (Bio-Rad, Hercules, CA). The integrated density of the band was quantified by Image software.
Transient transfection
The cells were seeded into 6-well plates and transfected with 50 nM siRNA/Slug and siRNA/control (GenePharma, Shanghai, China) using Lipofectamine 2000 (Invitrogen, USA) according to the instructions provided by the manufacturer. Oligonucleotides hsa-miR-140 mimics (miR-140), NC (miR-control), hsamiR-140 inhibitor (anti-miR-140), inhibitor NC (anti-miR-control) were purchased from GenePharma (Shanghai, PR China). The transfection was conducted by using Lipofectamine 2000 Reagent (Invitrogen, Carlsbad, CA, USA) at a final concentration of 100 nM.
Plasmid construction and cell transduction 3'-UTR sequence of Slug which was predicted to interact with miR-140 or a mutant sequence with the predicted target sites was inserted into the KpnI and SacI sites of pGL3 promoter vector (Genscript, Nanjing, China). They were named pGL3-Slug and pGL3-Slug-mut. The cells were plated onto 6-well plates and were transfected with 100 ng of pGL3-Slug or pGL3-Slug-mut, and miR-140 mimics (50nM) by using Lipofectamine 2000 (Invitrogen Corp, CA, USA). Slug gene was synthesized (purchased from Genscript, Piscataway, NJ) with restrictive digestion using Mlu I and subcloned pLV-GFP plasmid, and named pLV-GFPSlug. Recombinant lentivirus was generated from 293T cells using calcium phosphate precipitation. Cell lines were transfected with lentivirus using polybrene (8ug/ml). Li 
Luciferase activities analysis 48 hours after transfection, luciferase actions were measured in Victor 1420 Multilabel Counter (Wallac, Finland) using Luciferase Assay System (Promega, USA) according to the manufacturer's protocol.
Statistical methods
The method of 2-∆Ct was used to analyze the results of RT-PCR in all the experiments performed in this study. Statistical analysis was performed using STATA 9.2, and presented with Graph PAD prism software. Experimental data of tissue samples are presented as box plot of the median and range of log-transformed relative expression level which was analyzed by Wilcoxon rank-sum (Mann-Whitney) test. While the results obtained from experiment in vitro assays are presented as mean ± SE from three separate experiments in triplicates per experiment, and the data was analyzed by double-sided Student's t-test. Results were considered statistically significant at P<0.05.
Results
miR-140 is decreased in human esophageal cancer tissues
First, we analyzed the expression levels of miR-140 in both ESCC tissues and adjacent tissues by qRT-PCR. Significantly, we found that miR-140 expression was decreased in ESCC tissues (n=89, Fig. 1A ). All EC were divided into miR-140 low-expression group (n = 45) and high-expression group (n = 44), median ( a median=0.3015) was used as cut off. The correlation between miR-140 expression and clinicopathological characteristics is exhibited (Table 1) . No positive correlation with gender, age, histological differentiation, however, there was significantly correlation with tumor stage (p=0.007) and metastasis (p<0.000). The aberrant expression level of miR-140 suggested that miR-140 may play an important role the pathogenesis of EC (Table 1) . Furthermore, we also detected that the mRNA levels of E-cadherin, N-cadherin, Vimentin and Slug in both ESCC tissues and adjacent tissues by using qRT-PCR. The mRNA level of E-cadherin was reduced (Fig. 1B) while N-cadherin (Fig. 1C) and Vimentin (Fig. 1D) were increased in ESCC tissues. Therefore, based on this expression pattern, we chose the Eca-109 and TE-1 esophageal cancer cell lines to verify the effect of miR-140.
Aberrant expression level of miR-140 affects EC cell invasion but had no effect on cell proliferation in vitro
Eca-109 and TE-1 cell lines were transfected with miR-140 mimics, NC, miR-140 inhibitor and inhibitor NC respectively. The transfection efficiency was validated by qRT-PCR (Fig. 1E) . Matrigel invasion assay showed that overexpression of miR-140 attenuated Eca-109 and TE-1 cell lines invasion, whereas the suppressed miR-140 promoted the invasion ability of EC cell lines ( Fig. 2A) . We also used CCK8 assay to detect the effect of miR-140 on cell proliferation. To investigate whether miR-140 could regulate EC cell lines proliferation in vitro, the effect of miR-140 on cell proliferation was detected by using CCK8 assay. The cell-proliferation assay test showed distinct differences on proliferation after manipulation of miR-140 in both TE-1 and Eca-109 cells at 12-hour, 24-hour, and 48-hour time points. The assay showed that miR-140 overexpression or downregulation did not regulate cell proliferation (Fig. 2B) . The results suggested that miR-140 may play an important role in inhibiting EC metastasis.
miR-140 could regulate EMT in vitro
Epithelial-to-mesenchymal transition (EMT) has been identified to contribute to the cell invasion of different cancers by the transformation of polarized and adherent epithelial cells into motile and invasive mesenchymal cells. To determine whether miR-140 could regulate the molecular changes of EMT in EC cells, the expression of mesenchymal markers, including N-cadherin and Vimentin and the epithelial marker, E-cadherin, was examined in the cells by using western blot. Thus, Eca-109 cells were transfected with NC, miR-140 mimics, inhibitor NC and miR-140 inhibitor. In the protein expression level, upregulated miR-140 expression resulted in evaluated E-cadherin expression and decreased N-cadherin, Vimentin and Slug expression. Meanwhile, suppressed miR-140 expression resulted in decreased E-cadherin expression and increased N-cadherin, Vimentin and Slug expression (Fig 2C) . This finding indicated that miR-140 might contribute to regulating EMT marker expression in EC in vitro. 
Slug is a direct target gene of miR-140
To search insights into the biological implications of miR-140 on EC tumorigenesis, we performed a bioinformatics analysis. Among hundreds of genes predicted by online miRNA Fig. 2 . miR-140 regulates EMT and EC cells invasion but has no effect on cell proliferation. A: Transwell assay was performed as described in Materials and Methods. Cells were treated with miR-140 mimics, miR-140 inhibitor, NC and inhibitor NC for 24h. The representative images of invasive cells at the bottom of the membrane stained with crystal violet were visualized as shown. The quantifications of cell invasion were presented as percentage of cell numbers. B: The cell-proliferation assay test showed distinct differences on proliferation after manipulation of miR-140 in both TE-1 and Eca-109 cells at 12-hour, 24-hour, and 48-hour time points. C: The protein expression levels of E-cadherin, N-cadherin and Vimentin in Eca-109 cells transfected with miR-140 mimics, miR-140 inhibitor, NC and inhibitor NC were analyzed by Western-blotting. GAPDH was used as a loading control. Average values of integrated optical density (IOD) were assessed by analyzing five fields per slide and recorded in the histogram. All experiments were performed in triplicate and presented as mean ± SEM. * indicates significant difference compared with control group (P<0.05). Every independent experiment was performed 3 times.
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Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry efficiency was confirmed by using western blot assay (Fig. 4A) . Compared with the control groups, the expression level of Slug was obviously reduced both in cells co-transfected with miR-140 inhibitor and siRNA/Slug. Then, the transwell invasion assay as shown in Fig. 4B also showed that the invasive ability indeed reversed to some extent when silenced Slug in cells transfected with miR-140 inhibitor compared to control. Taken together, these results suggested that the functional effect of miR-140 on EC cell lines was dependent on Slug.
Discussion
Esophageal cancer is one of the common causes of cancer-related death in the world. The major causes of death from cancer are complications arising from metastasis. microRNAs (miRNAs) have been reported to have critical regulatory roles in cancer biology [16] [17] [18] . Specifically for EC, it is already reported that miRNAs contributes to proliferation and invasion [19, 20] . MiR-16 induced the suppression of cell apoptosis while promote proliferation in esophageal squamous cell carcinoma [21] . miR-625 down-regulation promotes proliferation and invasion in esophageal cancer by targeting Sox2 [22] . Here, we sought to provide evidence for downexpression of miR-140 targeting of Slug to promote the invasion in EC.
miR-140 expression is decreased in EC, but the underlying mechanism in EC was unexplored. Emerging studies reported that monocyte to macrophage differentiationassociated (MMD) targeted by miR-140-5p regulates tumor growth in non-small cell lung cancer [23] . miR-140-5p suppresses BMP2-mediated osteogenesis in undifferentiated human mesenchymal stem cells [24] . Meanwhile, Slug expression is increased in EC. Slug (Snail2) is one of transcription factors that play a central role in the activation of EMT. And epithelial-to-mesenchymal transition (EMT) is considerate to be involved in migration, tumor invasion and dissemination [25] [26] [27] . Decreased E-cadherin and elevated Vimentin and N-cadherin expression is one hallmark of EMT which is a key element in the cancer invasion [28] . Many studies established functional associations between noncoding microRNAs and key effectors of EMT occurring in the context of carcinogenesis and embryonic development, such as miR-200 [29] and miR-10b [30] . In this study, expression of miR-140 in EC specimens was significantly lower than in corresponding adjacent tissues. Up-regulated miR-140 expression resulted in increased E-cadherin expression and decreased N-cadherin and Vimentin expression. Meanwhile, suppressed miR-140 expression resulted in decreased E-cadherin expression and increased N-cadherin and Vimentin expression.
In summary, we identified the inverse expression levels of miR-140 and Slug in our 89 EC cases, both of which were related to tumor stage and metastasis. We also provided evidence to prove the regulatory function of miR-140 on Slug by direct binding of its 3`UTR. As the limit on the number of EC samples and cell types, more elaborate studies will be necessary for further exploration of the potential role of miR-140 in development of EC. In future, miR-140-Slug pathway that we studied might be exploited in a therapeutic approach for the treatment of EC.
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